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Description 

Field of the Invention 

This invention relates to a method and appara- 
tus for use in fabricating semiconductor or optical 
devices and includes determination of a planariza- 
tion endpoint during a chemical/mechanical lapping 
process of substrate wafers. 

Background of the invention 

Fabrication of semiconductor integrated circuits 
or integrated optica! circuits very often requires a 
smooth, planar surface. The surface requiring 
planarization involves areas or layers of dielectric 
material on or in a surface of a semiconductor 
material or on a surface of a previously interleaved 
layer. The insulating layers should have a smooth 
surface topography, because rough surfaces cause 
fabrication problems. It is difficult to image and 
pattern layers applied to rough surfaces, and this 
difficulty increases as the number of layers in- 
creases because each additional patterned layer 
contributes additional roughening. The topography 
of such dielectric areas or layers may be highly 
uneven and require polishing of the surface so as 
to present a smooth, planar surface for the next 
processing step, such as formation of a conductor 
layer or pattern on this surface. The uneven sur- 
face topography may be due to areas of dielectric 
material which are higher than the remainder of the 
surface or because of an uneven topography of 
underlying material or other elements of the semi- 
conductor device being fabricated. 

For example, in VLSI fabrication technology, 
connecting metal lines are formed over a semicon- 
ductor substrate containing device circuitry and 
seo/e to electrically interconnect the discrete de- 
vices. These connecting metal lines are typically 
insulated from the next interconnection level by 
thin layers of insulating material. In order to inter- 
connect metal lines of different interconnection lev- 
els, holes are formed in the insulating layers to 
provide electrical access therebetween. 

A recent development in the art is the use of 
lapping machines, and other planarization pro- 
cesses to provide smooth Insulator topographies 
for the next metal level. In these processes it is 
often important to determine an end point of the 
polishing process, for example to remove a suffi- 
cient amount of material so as to provide a smooth, 
planar surface without removing underlying ma- 
terial. Thus, a precise endpoint detection technique 
is needed. 

Presently, there are various types of tapping 
machines for reducing the thickness of semicon- 
ductor wafers. In general, these lapping machines 



include top and bottom plates (e.g. a polishing 
table and a wafer carrier or holder), between which 
the wafers are positioned. The plates are moved 
relative to each other, and a polishing slurry is fed 

s between the semiconductor wafer and one plate to 
polish and flush away the wafer particles. An exam- 
ple of one such a tapping machine is disclosed in 
U.S. Patent No. 3.063.206. 

Traditionally, lasers and other optical detection 

10 devices have been employed to determine etch 
endpolnts. However, such optical systems are dif- 
ficult to implement in tapping machines, because in 
such machines the wafers are polished face down 
against a moving (e.g. spinning) polishing table. 

75 More particularly, the wafer is hidden under the top 
plate thereby making optical endpoint detection 
difficult. 

A typical method employed for determining 
endpoint in lapping machines is to measure the 

20 amount of time needed to planarize the first wafer, 
and then to run the remaining wafers for similar 
times. In practice this method is extremely time 
consuming, since operators must Inspect each wa- 
fer after polish. This is because it is extremely 

25 difficult to precisely control the rate of dielectric 
film removal for different wafers since the rate of 
removal may vary during the polishing of an In- 
dividual wafer or because the rate of removal may 
diminish in the process of polishing a number of 

30 wafers in sequence. 

Thus, a continuing need exists In the semicon- 
ductor devices fabrication art for a method and an 
apparatus which would accurately and efficiently 
detect the endpoint of a lapping planarization pro- 

35 cess. 

Summary of the Invention 

The invention is defined by a process accord- 

40 ing to claims 1 or 14 and by an apparatus accord- 
ing to claims 6 or 15. The dependent claims de- 
scribe preferred embodiments of the invention. 

The invention is a method and apparatus for 
non-destructively, accurately and efficiently detect- 

45 ing an end point of a polishing/lapping planarization 
process in the process of fabricating semiconduc- 
tor or optical devices. The method comprises plac- 
ing a substrate being processed so that a surface 
of an electrode structure faces a dielectric material 

50 on a lateral face of the substrate, interposing be- 
tween the substrate and the electrode structure a 
film of a conductive liquid with resistivity of less 
than about 100,000 ohm-cm, and measuring the 
capacitance between the substrate and the elec- 

55 trode structure. The apparatus comprises: at least 
one electrode structure having a flat surface facing 
a lateral face of a workpiece being polished and 
having dielectric layer thereon, the electrode struc- 
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ture comprises measuring electrode, an insulator 
about the measuring electrode, a guard electrode 
about the insulator, and another Insulator surround- 
ing the guard electrode; means for providing con- 
ductive liquid medium such that the lateral face of 
the workpiece and the flat surface of the electrode 
structure are interfaced by the liquid medium, and 
means for measuring the capacitance between the 
conductive portion and the electrode structure. The 
invention is useful in manufacturing semiconductor 
and optical devices which require planarization of 
dielectric surface at certain stages of fabrication. 
The invention may also be used for measuring the 
thickness of dielectric film at any stage of manufac- 
ture, whether or not planarization is involved. 

Brief Description of the Drawing 

FIG. 1 is a schematic representation of a semi- 
conductor device being fabricated and having a 
thick dielectric layer upon a semiconductor wafer. 

FIG. 2 is a schematic representation of the 
semiconductor device of FIG. 1 with a planarized 
dielectric layer. 

FIG. 3 is a schematic representation of a semi- 
conductor device being fabricated and having a 
composite thick dielectric layer upon a semicon- 
ductor wafer. 

FIG. 4 is a schematic representation of a semi- 
conductor device being fabricated and having un- 
even oxide areas on the surface of the semicon- 
ductor wafer. 

FIG. 5 is a schematic representation of the 
semiconductor device of FIG. 4 with a planarized 
oxide and wafer surface. 

FIG. 6 is a schematic representation of appara- 
tus useful in polishing/lapping of a dielectric layer 
on a wafer of the type disclosed in FIGs. 1 , 3 and 4 
and embodying electrode structure in accordance 
with the present invention. 

FIG. 7 Is a schematic top view representation 
of an electrode structure shown in FIG. 6 mounted 
within a section of a polishing table. 

FIG. 8 is a schematic representation of distribu- 
tion of capacitances and resistances which are 
present In the FIG. 6 arrangement. 

FIG. 9 is a schematic representation of FIG. 6 
arrangement including an electrical system for driv- 
ing the measuring and guard electrodes. 

FIG. 10 is a more detailed schematic repre- 
sentation of the electronic system shown In FIG. 9 
of the drawings. 

FIG. 11 is a schematic representation of a 
section of the polishing table with a double "D" 
electrode structure, which is an alternative version 
of electrode structure shown in FIGs. 6 and 7, 
enabling monitoring of the thickness of dielectric 
layer being polished independently of the thickness 



of dielectric layer on the opposite lateral face of the 
semiconductor wafer. 

FIG. 12 is a schematic representation of dis- 
tribution of capacitances in the FIG. 11 arrange- 

5 ment, demonstrating that the thickness of the di- 
electric layer being polished with capacitance CI 
can be measured independently of the dielectric 
layer thickness on the opposite face of the wafer 
with capacitance C4. 

10 FIG. 13 is a schematic top view representation 
of a polishing arrangement with a double "D" elec- 
trode structure in the polishing table, including a 
scheme for taking time and position dependent 
measurements of the dielectric layer thickness dur- 

75 ing each revolution of the polishing table. 

FIG. 14 is a schematic representation of an 
alternative embodiment for planarizing dielectric 
layer endpoint-detection of a semiconductor wafer. 
FIG. 15 is a graph of time in minutes versus 

20 output in volts, showing linearity of material re- 
moval with time, and demonstrating the perfor- 
mance of the measurement method. 

Detalied Description 

25 

FIGs. 1 and 2, 3, and 4 and 5 are general 

schematic representations of a conductive wafer In 
the process of fabricating a semiconductor or op- 
tical device. The material of the wafer may be 

30 selected from at least silicon, germanium. Group 
Itl-V and Group ll-IV compound semiconductors. 
Typically the material of the conductive wafer has a 
resistivity of less than about one megohm-cm. 
In FIG. 1 is shown a semiconductor device, 1, 

35 which includes semiconductor wafer, 2, metallic 
conductors, 3, and a thick dielectric layer, 4, such 
as silicon dioxide, overiying the conductors and the 
remainder of surface, 5, of the semiconductor wa- 
fer. The dielectric layer may be formed in a suit- 

40 able manner, e.g. by chemical vapor deposition 
(CVD) of oxide or by plasma enhanced CVD 
(PECVD) of oxide from precursors such as tetra- 
ethyl orthosilicate (TEOS). Semiconductor wafer 2 
may have been preprocessed and may already 

45 include additional layers of interleaved circuitry. For 
the sake of simplicity, those other features are not 
represented in these figures. 

In FIG. 2 is shown wafer 2 with dielectric layer 
4 planarized to a desired preselected thickness. 

50 In FIG. 3 is shown a schematic representation 
of device, 1 , in which conductors. 3, are arranged 
in closer spaced, greater density. Due to the nature 
of the formation of the dielectric layer, 4, this 
configuration may lead to scalloping of the dielec- 

55 trie layer (e.g., such as a dip 6 in FIG. 1). or even 
voids between the conductors. To prevent the for- 
mation of voids, the volumes between the conduc- 
tors are first filled with a layer, 7, of more conform- 
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able material, such as spin-on glass (SOQ). Layer 7 
fills the voids between the conductors and covers 
the conductors, presenting a smoother surface than 
a similar thickness of a CVD or PECVD deposited 
dielectric such as (PETEOS). The dielectric layer 
(PETEOS) is then deposited over layer 7 In an 
additional thickness and planarized in a lapping 
machine to a preselected thickness, similarly to 
FIG. 2. In this arrangement semiconductor wafer 2 
typically includes preprocessed layers of interleav- 
ed circuitry. 

In FIG. 4 Is shown another variant wherein 
Islands of thermally grown field oxide. 8, separated 
by areas of thin dielectric, 9, are within and above 
the surface of wafer 2. The islands display an 
uneven topography which is unsuitable for the con- 
tinued sequential formation of patterned conductive 
and insulating layers. In this case, rather than de- 
positing an extra dielectric layer onto thin dielectric 
areas 9. the field oxide itself may be planarized 
until the uneven portions of the islands are re- 
moved. As an end-point, one may select a planariz- 
ed oxide surface which is even with the wafer 
surface or one that is a few nanometer above the 
thin oxide surface. 

In FIG. 5 is shown wafer 2 with planarized 
oxide surface. 

At the beginning of the planarization or polish- 
ing process, at least one lateral face of a conduc- 
tive wafer 2 in FIG. 1 is covered with a thick 
dielectric layer 4. As the planarization process pro- 
ceeds, the thickness of the dielectric layer is re- 
duced. It is highly desirable to be able to monitor 
the remaining thickness of the dielectric layer in 
situ during the polishing process and to be able to 
stop the polishing when a precise desired thick- 
ness (an end-point) is reached. This has been 
accomplished by the capacitive method for the 
dielectric thickness measurement according to the 
present invention. The thickness of the dielectric 
layer remaining on the semiconductor wafer is 
monitored during the planerizing/lapping process 
by measuring the electrical capacitance of the di- 
electric layer in the manner described hereinbelow. 

In FIG. 6 is shown an apparatus, generally 
designated as 10, for chemical/mechanical polish- 
ing of a typical conductive, e.g. semiconductor, 
wafer 2 covered with dielectric layer 4 of insulating 
material, such as silicon dioxide or PETEOS. Mere 
the wafer is shown with a dielectric layer on both 
sides, a thicker layer on one side and a thinner 
layer on the other. Preferably the wafer has a thick 
dielectric layer only on the side to be polished. 

The apparatus includes a polishing table or 
platen 11 and a wafer carrier or holder 12. Both the 
polishing table and the wafer carrier may be of a 
conducting material, such as a cermet or a metal, 
e.g. stainless steel, aluminum, or of metals such as 



aluminum, chromium or titanium deposited in suit- 
able patterns on insulating materials, or of some 
non-conducting material such as quartz, ceramic, 
plastic, or enamel or plastic-coated metal. An im- 

5 portant requirement for the material of the table 
and the wafer carrier is that the material should not 
contribute to the contamination of the workpiece 
(wafer) being polished. Semiconductor wafer 2, 
which is to be processed in accordance with the 

10 invention, is shown positioned between polishing 
table 11 and wafer carrier 12. Polishing table 11 
includes a polishing pad, 13. attached to the table. 
Wafer canrier 12 includes an insert pad 15 and an 
insulating edge ring 16 which prevents the wafer 

15 from sliding out from under the wafer carrier during 
the polishing process. Insert pad 15 is preferably 
made from soft material to avoid damage to the 
wafer from the weight of work carrier 12 and from 
the force (indicated by an arrow 17) applied to the 

20 wafer carrier to keep the wafer in positive contact 
with the surface of polishing pad 13. Insert pad 15 
and polishing pad 13 commercially obtainable pads 
having desired diameters. Pads which are about 
0,13 cm (50 mils) thick are typically spongy and 

25 are typically provided with a plastic adhesive back- 
ing so as to adhere to the surface to which they 
are to be secured and to enable removal and 
replacement of worn pads. Such pads are available 
from Rodel, Inc., 451 Bellevlew Road, Diamond 

30 State Industrial Park. Newark, Delaware. 19713, 
U.S.A.. Alternatively, spongy pads without continu- 
ous adhesive plastic backing may be secured to 
the table by means of a suitable conductive adhe- 
sive. 

35 In the preferred embodiment, polishing table 1 1 
Is rotatable about its central axis, 18. Wafer carrier 
12 is also rotatable about its own central axis 19, 
which, except for a limited oscillating motion (see a 
double headed arrow) relative to the polishing ta- 

40 ble. Is fixed relative to axis 18 of the polishing 
table. In operation, polishing table 1 1 rotates at first 
predetermined RPM about its central axis 18 so as 
to present a continuously advancing polishing sur- 
face to the dielectric layer being planarized. While 

45 wafer canrier 12 rotates at second predetermined 
RPM about its central axis 19. the wafer is being 
polished along an annular polishing area of the 
polishing table. 

The polishing process is conducted by placing 

so semiconductor 2 with dielectric layer 4 thereon 
within the cavity formed in wafer carrier 12 by 
insert pad 15 and edge ring 16 so that the dielec- 
tric layer 4 contacts polishing pad 13. During 
polishing, polishing pad 13 is being continuously 

55 supplied with an aqueous slurry 20 via supply 
nozzle 21, while the table 11 rotates about its 
central axis. As with the materials of the polishing 
table and wafer carrier, the slurry should be of a 
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kind which is non-contaminating and except for the 
polishing action, non-destructive to the conductive 
wafer being polished. The slurry used in the pre- 
ferred embodiment is a commercially available, 
slightly alkaline (pH 8.3-8.7) coiloidal-silica slurry 
available from Naico Chemical Company, 6216 
West 66th Place, Chicago, Illinois. 60638, U.S.A. as 
NALCO 2360, with a particle size of approximately 
50-70 nm, diluted 1:1 with deionized water. Other 
polishing slurries are commercially available, and 
other dilutions may be useful. 

As the polishing proceeds, it is desirable to 
monitor In situ the thickness of the remaining di- 
electric layer and to determine a desired end-point 
of the polishing process. In accordance with this 
Invention this may be accomplished by capacitivety 
measuring the thickness of the dielectric layer 4 on 
wafer 2 during polishing. The capacitive measure- 
ment procedure involves the dielectric layer and 
the polishing slurry solution. In this procedure, up 
to a few micrometers thick layer of dielectric on a 
semiconductor wafer (or slice) comprises the in- 
sulating layer in a parallel plate capacitor, while the 
polishing solution itself Is used as a conducting 
layer on the outer surface of the dielectric. How- 
ever, to effectively conduct such monitoring with 
the above-described apparatus, the following four 
conditions or problems need to be addressed: 

1) During polishing, the wafer is in effect com- 
pletely surrounded by the conducting polishing 
slurry (thereby tending to short-circuit the ca- 
pacitor); 

2) The slurry should not itself contribute any 
significant spurious capacitive effects; 

3) The measurement should only be sensitive to 
the dielectric thickness of the side undergoing 
polishing; 

4) The measurement output should be linear in 
thickness. 

Problems associated with these conditions are 
resolved as described hereinbelow. 

First, the condition that the entire wafer is sur- 
rounded by a conductor (for example an aqueous 
slurry) during the polishing process, means that 
any capacitance measurement would tend to be 
short-circuited during the measurement process. 
This difficulty Is circumvented, according to this 
invention, by using an electrode structure, 25. built 
along the polishing path into polishing table 11 
transversely thereof as shown in FIGs. 6 and 7. 
The electrode structure includes a measuring elec- 
trode 26, a guard electrode 27 and a pair of insula- 
tors 28 and 29. The surface of electrode structure 
25 facing the wafer Is in the same plane as the 
remainder of the table. Measuring electrode 26 and 
guard electrode 27 are connected to a source of 
voltage oscillating at a certain frequency, while the 
rest of the polishing table is connected to ground 



30. Measuring electrode 26 is completely surround- 
ed in succession by insulator 28. guard electrode 
27 and insulator 29, thereby isolating it electrically 
from the surrounding ground plane of the polishing 

5 table. If a conductor coated with a dielectric film, 
e.g. a dielectric coated silicon wafer, is placed on 
top of this structure (as in slurry polishing) then 
one has the situation shown in Rgure 6. Here the 
semiconductor (e.g. silicon) wafer is pressed down, 

10 typically with a pressure of several pounds per 
square inch, on top of a spongy polishing pad 13 
that Is continuously soaked with an aqueous polish- 
ing slurry 20 from slurry supply nozzle 21. In 
typical operation both the polishing pad 13 and the 

75 wafer itself rotate independently of each other, and 
at least the wafer oscillates horizontally, to obtain a 
uniform polishing action. In this embodiment the 
electrode structure 25 is mounted in polishing table 
11, and electrical connections to measuring elec- 

20 trode 26 and to guard electrode 27 are made at 31 
and 32 (FIG. 9), respectively, by suitable electro- 
conductive means, such as via electrical slip rings 
(not shown). (It is also possible, at the price of 
greater complexity, to use rotating transformers.) 

25 This means, of course, that a measurement is 
made only periodically, as the electrode structure 
sweeps under the wafer. To Increase the number of 
measurements per single sweep of the polishing 
table, more than one electrode structure 25 may be 

30 built into the polishing path of table 1 1 so that the 
measurements may be taken several times during 
a single revolution of the polishing table. Other 
arrangements are possible, as will be discussed 
later. 

35 The second problem that arises is that of the 
high dielectric constant of water, which is the domi- 
nant component (electrically) of polishing solution 
20. In this connection it must be noted that the 
Important quantity is the dielectric relaxation time 

40 To, defined by, 

TD=5S. (1) 

Here K is the dielectric constant of water (-80), and 
45 p is the resistivity of the polishing slurry solution. 
For operating frequencies large compared to I/tq 
the polishing slurry between two electrodes be- 
haves like a (lossy) capacitor. For frequencies low 
compared to 1/td the polishing slurry forms a resis- 
50 tor. For this reason, as well as other measurement 
considerations. It Is advantageous to use a low 
operating alternating voltage frequency. The sys- 
tem described herein below operates at -500 Hz, 
and can be operated at a frequency of up to about 
55 5000 Hz, and the polishing slurry appears essen- 
tially resistive at such frequencies. 

Given the regime of Figure 6, and a low operat- 
ing frequency, it is clear that the slurry soaked 
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polishing pad acts like a resistor. This pad is typi- 
cally secured to the polishing table by a continuous 
layer of a plastic adhesive backing (not shown) a 
few mils thick. Therefore, for the slurry to make 
direct electrical contact with the electrode structure, 5 
the plastic adhesive backing must be perforated at 
least in the electrode structure area. Thus, in order 
for the polishing slurry to make true resistive con- 
tact to the measuring and guard electrodes, holes 
are needed in the adhesive backing. In this em- io 
bodiment, holes, 14, were formed right through the 
pad and the plastic adhesive backing by perforat- 
ing the pad right through the backing with "0.18 cm 
f 70 mil) diameter holes on - 0.63 cm 0.25 inch) 
centers. There is nothing critical about these par- 75 
ticular dimensions and other dimensions may be 
selected as well. Also, the pad does not have to be 
perforated completely. The important condition is 
the provision of a path between the aqueous slurry 
and the metallic table. Therefore, holes may be 20 
formed only through the adhesive backing. Further- 
more, it is not necessary to make holes throughout 
the whole area of the pad. It would be sufficient to 
make holes only in the area of the electrode struc- 
ture and at least an area of the polishing table 25 
immediately surrounding the electrode structure. 
Also, polishing pad 12 may be secured to the 
polishing table with a suitable, non-contaminating 
conductive adhesive, thus eliminating the need for 
holes 14. 30 

With perforated pad 13, and with the system of 
Figure 6 and 7 operating with a low frequency 
applied voltage, the electrical situation of interest is 
as shown in Figure 8. Here CI , C2, C3 are capacit- 
ances through the thick dielectric layer on the 35 
lateral face of the wafer facing the polishing table, 
while C4 is the (typically much larger) capacitance 
of the dielectric layer on the opposite (back) face of 
the wafer. Resistors R1 and R2 are the transverse 
(annular) resistive film values of the slurry loaded 40 
polishing pad. The object is to measure the value 
of the capacitor Cl alone, which then provides a 
measure of the thickness of the dielectric layer 4. 
For the time being it will be assumed that C4 » 
CI which simplifies the interpretation of the mea- 45 
surement. This restriction will be removed later. 

As an important practical matter it will, in addi- 
tion, be noted that the value of C1 scales like the 
area of the measuring electrode, while the un- 
desired parallel leakage resistances R1, R2 scale so 
like the perimeter of the measuring electrode. It is 
therefore advantageous, particularly at low mea- 
surement frequencies, to use an area of measuring 
electrode 26 as large as practical. The effect of R1 
is then further minimized by bootstrapping it from 55 
the measuring electrode, that is from electrode 26. 
Bootstrapping means that the same voltage is ap- 
plied to guard electrode 27 as is measured to be 
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present on the measuring electrode 26. Therefore 
no current flows (to first order) through R1 , i.e. its 
effect has been removed in the measurement of 
CI. (Of course a current flows through R2 to 
ground, but this current does not enter in the 
measurement process and could in any case be 
eliminated if the area of table 1 1 surrounding elec- 
trode structure 25, Is non-conductive.) 

The third problem is the fact that it is incon- 
venient to contact both sides of the wafer indepen- 
dently. And, the fourth problem resides in the con- 
ventional measurement of capacitors, which typi- 
cally provides a reciprocal relationship (i.e. as the 
dielectric film becomes thinner, the measured al- 
ternating current becomes larger). Both of these 
problems may be solved by the system shown in 
Figure 9. 

In the system shown in FIG. 9, measuring 
electrode 26 is driven with an alternating voltage 
from oscillator 35. The resulting displacement cur- 
rent flowing to the measuring electrode necessarily 
flows to ground through 35 itself, and its amplitude 
is measured at 36 and compared with a reference 
value at 38. Any resulting difference is then used at 
39 to control the amplitude of oscillator 35, in such 
a way as to hold the displacement current Itself 
constant. As a result the amplitude of the drive 
voltage to the measuring electrode is always pre- 
cisely proportional to the thickness of the dielectric 
layer on the silicon slice. Guard electrode 27 is 
bootstrapped from the measurement electrode 26 
by a unity gain follower amplifier (A1) 40. 

This scheme is shown in greater detail in FIG. 
10. Measuring electrode 26 is driven with an al- 
ternating voltage by the emitter follower transistor 
while the guard electrode 27 is driven with an 
alternating voltage by amplifier (A1) 40 so as to 
follow precisely the measuring electrode voltage. 
Since the collector, 42, of a constant current gener- 
ator transistor (Q2) presents a very high impedance 
to the emitter, 41. of transistor (Q1) it follows that 
all the displacement current flowing to the measur- 
ing electrode must flow in the collector, 43, circuit 
of transistor (Q1 ). Consequently the AC component 
of the collector current of transistor (Q1) comprises 
only the desired signal current. This signal Is am- 
plified by amplifier (A2) 38 and synchronously rec- 
tified by a multiplier (Ml). 44. and low pass filter 
45. The resulting signal current is compared with 
the constant value reference current (Io) at 46 and 
any resulting difference drives the error integrator 
47 formed by capacitor 48 and operational am- 
plifier (A3) 49. The output of this integrator then 
forms one input to a multiplier (M2), 51 , the other 
input being derived (through a f phase shift) from 
oscillator 52. As a result the drive to the measuring 
electrode 26 is constantly servoed to such a value 
that its displacement current is constant. It there- 
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fore follows that the integrator output from amplifier 
(A3) 49 is accurately proportional to the dielectric 
thickness. 

This arrangement is effective if the measure- 
ment is conducted with a wafer one (upper) face of 
which is bare. In those cases where also the back 
of the wafer is coated with a dielectric layer, the 
effect of C4 of Figure 8 would complicate the 
situation. This effect may be circumvented as fol- 
lows: 

The complication of the effect of C4 in Figure 8 
is due to the fact that the potential of the substrate 
2 changes as It Is driven through Cl. If the poten- 
tial of the wafer does not change then clearly no 
displacement current flows through C4, and con- 
sequently the value of C4 itself would be irrelevant. 
One convenient way to achieve this is to drive the 
substrate symmetrically in such a way that its 
potential does not change. This can be achieved 
by using two identical electrode structures 110 as 
shown in Rgure 11. These two "Dee" shaped 
(double-D) electrodes are driven in antiphase as 
shown in Figure 12. As before, each electrode 
structure includes a measuring electrode 1 1 1 which 
is surrounded by its own guard electrode 112 and 
Insulators 113 and 114. Consequently the only cur- 
rents observed flowing to measuring electrodes 
1 11 of each D electrode structure are those flowing 
through each respective CI in series. These two 
currents are added (one having been reversed by 
180*) and used In an electronic system essentially 
identical to that of Figures 9 or 10. This system 
removes any concern with the presence, or ab- 
sence, of an insulating (dielectric) layer on the back 
of the silicon slice. The thickness output voltage is 
again linear in dielectric layer thickness. 

In addition it is advantageous to perform mea- 
surements of the dielectric layer thickness over 
preselected time periods. For this purpose the di- 
ameter of each doubte-D electrode structure is 
made smaller than the diameter of the semicon- 
ductor wafer. As the double-D electrode structure 
moves along its path around the central axis of the 
polishing table and past the semiconductor wafer, 
the measurements are taken within the period for 
which the double D electrodes are entirely under- 
neath the semiconductor material. As shown in FIG. 
13, measurements are taken over a preselected 
fraction 131 of a complete rotation of the polishing 
table. During this period, measurements can be 
taken with a double D electrode structure 110 at 
different positions of the path underneath the wafer. 
Since, at the same time, the wafer rotates about its 
own axis, different portions of the wafer surface are 
presented to the double-D electrode structure. 
These measurements can either simply t>e averag- 
ed, or else examined individually to reveal the 
spatial uniformity of the polishing process. 



In yet another embodiment, shown in FIG. 14, 
the thickness of a dielectric layer on only one face 
of the wafer (one facing the polishing pad) may be 
measured by an arrangement similar to that of FIG. 

5 6 but with the electrode structure 25 built not in the 
polishing table 11 but in the wafer carrier 12. 

The components of the electrode structure 25 
in this embodiment are the same as previously 
described, namely, a measuring electrode 26, a 

10 guard electrode 27, insulators 28 and 29 and elec- 
trical connections 31 and 32 from measuring elec- 
trode 26 and guard electrode 27, which are made 
to the electronics Identical to electronics of FIGs. 9 
and 10. In this case, as before, the plastic adhesive 

75 backing on insert pad 15 must be perforated to 
ensure electrically conductive path from the wafer 
to the electrode structure. In this embodiment mea- 
surement is not restricted only to the period in 
which the electrode structure passage under the 

20 wafer of FIG. 13, but may clearly be carried out 
continuously during the entire planarization pro- 
cess. However, the disadvantage of this scheme, 
relative to those previously described with refer- 
ence to FIGs. 9 and 10, resides in Its inability to 

25 measure uniquely only the required thickness of 
dielectric on the front face of the wafer. 

The measurement conducted with the system 
disclosed in FIGs. 9 or 10 may be exemplified by 
the following example: 

30 A 2um PETEOS film was deposited on one 
broad (front) face of a 5" (12.85 cm) diameter 
silicon slice. The back of the slice was bare. The 
electrode structure 25 of FIG. 7 employed a steel 
disc 5.84 cm (2.3") in diameter as the measure- 

35 ment electrode 26, surrounded by a 0.63 cm (1/4") 
wide insulator 28, a 0.63 cm (1/4") wide steel guard 
electrode 27, a 0.63 cm (1/4") insulator 29, and a 
ground plane. The entire electrode structure 25 
was ground flat to better than 0.0025 cm (1 mil) 

40 tolerance and covered with a 0.05 cm ("20 mil) 
thick sponge pad 13, perforated with 0.18 cm (1/4") 
holes on 0.63 cm (1/4") centers. 

The measurements were conducted with the 
circuitry shown in FIG. 10. In this example mea- 

45 surements were made underwater (simulating an 
aqueous slurry), with a flat, grounded, metal plate 
pressing the silicon slice onto the electrode struc- 
ture. 

The measurements were conducted as follows: 
50 The silicon wafer was measured initially, yielding 
an output voltage corresponding to the initial di- 
electric thickness of 2um. The slice was then trans- 
ferred to a commercial aqueous slurry polishing 
machine for 4 minutes. Following this the slice was 
55 removed, rinsed in water and remeasured (under 
water) to determine the new dielectric thickness. 
This polishing and remeasuring process was re- 
peated four times. The results are shown in Figure 



7 



13 



EP 0 455 455 B1 



14 



15. 

These results show that the measurement is 
linear (this was also confirmed by independent 
dielectric thickness measurements); the polishing is 
linear with time; the resolution is high; and the 
measurement is accurate. This basic point was 
evidenced by the fact that the film was effectively 
removed after 16 minutes with just one patch, of 
perhaps a few hundred nm thicl<ness, remaining. 

It is evident that the system described here 
can be used in a variety of ways. When mounted in 
the lower element of a polisher, It can monitor film 
thickness in situ. If arranged to be situated right 
next to the polishing pad in such a machine, mea- 
surements can be made intermittently on a short 
time scale. Each measurement requires only a 
small fraction of a second. More complex inter- 
leaved electrode structures can readily be ar- 
ranged, to provide more accurate spatial averaging, 
if desired. Alternatively, multiple segmented elec- 
trodes can be used to provide simultaneous mea- 
surements at several locations simultaneously. 

Claims 

1. A process for in situ monitoring the thickness 
of a dielectric material (4) on a surface (5) of 
an electrically conductive substrate (2) having 
less than about one megohm-cm resistivity, 
characterised by 

placing the substrate so that a surface of 
an electrode structure (25) faces the dielectric 
material, 

interposing between the substrate and the 
surface of the electrode structure a film of a 
conductive liquid (20) with resistivity of less 
than about 100,000 ohm-cm, said film being in 
contact with the dielectric material (4) and the 
surface of the electrode structure, and 

measuring the capacitance between the 
substrate (2) and the electrode structure (25). 

2. The process of claim 1 or 14, wherein said 
measuring includes measuring the capacitance 
and simultaneously removing from the result 
the effects of leakage resistance paths. 

3. The process of claim 1, 2, or 14, wherein the 
capacitive measurement comprises applying a 
measuring voltage to a measuring electrode 
(26) of the electrode structure (25) and a boot- 
strapping guard voltage to a narrow conductive 
area surrounding the measuring electrode, said 
measuring electrode and said narrow conduc- 
tive area being insulated each from another 
with or without another insulator surrounding 
the guard electrode (27). 



4. The process of claim 3 or 14, wherein said 
measuring comprises maintaining constant dis- 
placement current resulting from said voltage 
application, the amplitude of the drive voltage 

5 thereby being proportional to the thickness of 

the dielectric layer (4). 

5. The process of any one of claims 1 to 4. or 14, 
wherein said conductive material comprises a 

70 material selected from silicon, germanium, 

group lll-V compound semiconductors, group 
ll-VI compound semiconductors, and/or the di- 
electric material comprises a material selected 
from silicon oxide, silicon nitride, oxynitride, a 

75 chemical vapor deposited silicon oxide, plasma 

enhanced chemical vapor deposited oxide and 
spin-on glass, 

the monitoring being conducted in the 
planarizing of the dielectric on the conductive 

20 substrate. 

6. Apparatus for monitoring the thickness of a 
dielectric layer (4) on a surface (5) of a con- 
ductive portion (2) of a workpiece during 

25 polishing with a polishing medium (20). said 

portion having resistivity of less than about one 
megohm-cm, said apparatus characterised by 

at least one electrode structure (25) having 
a flat surface for facing the workpiece to be 

30 polished, said electrode structure comprising a 
conductive measuring electrode (26). an in- 
sulator (22) surrounding the measuring elec- 
trode, a conductive guard electrode (27) sur- 
rounding the insulator and being separated by 

35 the insulator from the measuring electrode, 

means (13) for providing the polishing me- 
dium as a conductive liquid medium such that 
the said face of the workpiece and said surface 
of the electrode structure Interface through the 

40 liquid medium, and 

means (35-40) for measuring the capaci- 
tance between the the conductive portion (2) of 
the workpiece and the electrode structure (25). 

45 7. The apparatus of claim 6, or 15 wherein the 
measuring means comprises means (35) for 
supplying drive voltage to the measuring elec- 
trode and in a bootstrap arrangement (32,40) 
to the guard electrode (27) thereby measuring 

50 the capacitance of the dielectric layer under- 
going polishing. 

8. The process of claim 5 or 14, or the apparatus 
of claim 6. or 15 wherein two equal electrode 
55 structures are arranged side by side, said 
measuring voltage is applied to one electrode 
structure at 180* out of phase to the measur- 
ing voltage being applied to the other elec- 
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trode structure. 

9. The process of claim 3 or 14, or the apparatus 
of claim 6 or 7 or 15, wherein said measuring 
voltage is an alternating voltage with an operat- 
ing frequency up to 5000 Hz, or about 500 Hz. 

10. The apparatus of claim 6, 7 or 9, or 15 wherein 
said measuring means comprises an electronic 
system for supplying drive voltage to said 
measuring electrode (26) and In a bootstrap 
arrangement to the guard electrode (27), and 
for maintaining constant displacement current 
so that the resulting magnitude of the drive 
voltage is automatically proportional to the 
thickness of the dielectric layer. 



reducing the thickness of said dielectric 
layer (4) progressively, 

monitoring the remaining thickness so as 
to determine a desired end-point of the reduc- 
5 tion, and 

continue fabrication of said device, charac- 
terised in that 

said end-point is determined by measuring 
the capacitance between the substrate (2) and 
10 an electrode structure (25) facing the substrate 
while the face of the substrate and the surface 
of the electrode structure facing the substrate 
are interfaced by a continuous conductive film 
of a liquid (20) with resistivity of less than 
75 about 100,000 ohm-cm. 

15. An apparatus for measuring the thickness of a 
dielectric region on a lateral face of an article 
having a conductive portion (2) with resistivity 
of less than about one megaohm-cm and a 
layer of dielectric material (4) on a lateral face 
of the conductive portion (2). characterized in 
that it comprises, 

an electrode structure (25) having a flat 
surface, the dielectric layer (4) on said article 
facing the said flat surface, 

conductive liquid means (20) for interfac- 
ing the conductive portion (2) of the article and 
the flat surface of the electrode structure (25) 
and for establishing an electrical connection 
between the conductive porfion (2) of the arti- 
cle and said flat surface of the electrode struc- 
ture (25), and 

means (35-40) for measuring the capaci- 
tance between the conductive porfion (2) of the 
article and the electrode structure (25). 



11. The apparatus of claim 10 or 15, wherein the 
apparatus comprises a polishing table (11), a 
polishing pad (13) on said table, and a mov- 20 
able wafer carrier (12) suspended above the 
polishing table for bringing the workpiece into 
contact with said polishing pad, the apparatus 
having the option that the electrode structure 
can be imbedded into the polishing table in the 25 
same plane as the polishing table. 

12. The apparatus of claim 11 or 15, wherein the 
polishing pad (13) is secured to the polishing 
table (11) by an adhesive plastic coating, and 30 
in which said plastic coating is provided with 
apertures permitting the liquid medium to 
make an electrically conductive path to the flat 
surface of the electrode structure, or 

the polishing pad is secured to the polish- 35 
ing table by a conductive adhesive. 



13. The apparatus of claim 12, or 15 wherein the 
polishing table (11) is of conductive material 
selected from stainless steel, aluminum and 
cermets, or of metals such as aluminum, chro- 
mium or titanium deposited in suitable patterns 
on insulating materials, or 

is of non-conducting material which is non- 
contaminating with respect to the material of 
the workpiece, 

the nonconducting material being selected 
from quartz, ceramic, glass, plastic, and insula- 
tor-coated metals. 

14. A process of fabricating a device, which com- 
prises 

fabricating a device structure on a sub- 
strate (2) so as to yield a non-planar surface, 
said substrate (2) having resistivity of less than 
about one megohm-cm, 

forming a layer of dielectric material (4) 
over the non-planar surface. 



Patentanspriiche 

40 1. Verfahren fur das in-situ-Uberwachen der Dik- 
ke eines dielektrischen Materials (4) auf einer 
Oberfiache (S) eines elektrisch leitfShigen Sub- 
strats (2) mit weniger als ungefahr 1 Megohm- 
cm spezifischer LeitfMhigkeit, 

45 gekennzelchnet durch 

Anordnen des Substrats so, daB eine Oberfl3- 
che einer Elektrodenanordnung (25) dem die- 
lektrischen Material zugewandt ist, 
Anordnen eines Films zwischen dem Substrat 

50 und der OberflMche der Elektrodenanordnung 
aus einer leitfSihigen FlUssigkeit (20) mit einem 
spezifischen Widerstand von weniger als unge- 
fahr 100 000 Ohm/cm, wobei der Film in Kon- 
takt mit dem dielektrischen Material (4) und 

55 der OberflSche der Elektrodenanordnung ist, 
und 

Messen der Kapazitat zwischen dem Substrat 
(2) und der Elektrodenanordnung (25). 
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2. Verfahren nach Anspruch 1 Oder 14, 

in welchem die Messung das Messen der Ka- 
pazitSt und gleichzeitig das Entfemen der Wir- 
kung von Verlustwiderstandstreclcen vom Er- 
gebnis umfaBt 

3. Verfahren nach Anspruch 1. 2 Oder 14, 

in welchem die KapazitStsmessungen das An- 
legen einer MeBspannung an einer MeBelektro- 
de (26) der El6l<trodenanordnung (25) und eine 
Bootstrapping-FQhrungsspannung an einen en- 
gen, leitfShigen Bereich umfaBt, der die MeB- 
elektrode umgibt, wobei die Mefielelctrode und 
der enge, leitfahige Bereich voneinander iso- 
liert sind, mit oder ohne einen weiteren, die 
FQhrungselektrode (27) umgebenden Isolator. 

4. Verfahren nach Anspruch 3 Oder 1 4, 

In welchem die Messung das Aufrechterhalten 
eines konstanten Verschiebungsstroms umfaBt, 
der sich aus dem Aniegen der Spannung er- 
gibt, wobei die Amplitude der Treiberspannung 
dabei proportional zur Dicke der dielektrischen 
Schicht (4) ist. 

5. Verfahren nach einem der AnsprUche 1 bis 4 
Oder 14, 

in welchem das leitfahige Material ein Material 
umfaBt, das ausgew3hlt ist aus Silicium, Ger- 
manium, Gruppe-lll-V-Verblndungshalbleitern, 
Gruppe-ll-VI-Verblndungshaibleitem, und/oder 
das dielektrlsche Material ein Material umfaBt, 
das ausgewShIt ist aus Siliciumoxid, Siliciumni- 
trid, Oxinitrid, einem chemlsch gasphasenab- 
geschiedenen Siliciumoxid, einem plasmaun- 
terstutzt chemisch gasphasenabgeschiedenen 
Oxid und aufgeschleudertem Glas, wobei das 
Oben/vachen wahrend des Ebnens des Dielek- 
trikums am leitfMhigen Substrat durchgefOhrt 
wird. 

6. Vorrichtung zum Oberwachen der DIcke einer 
dielektrischen Schicht (4) an einer Oberflache 
(5) eines leltfShlgen Anteils (2) eInes Werk- 
stOcks wShrend des Polierens mit einem Po- 
liemnedium (20), wobei der Anteil einen spezifi- 
schen Widerstand von wenlger als ungefahr 1 
Megohm-cm hat, wobei die Vorrichtung ge- 
kennzeichnet ist durch wenigstens eine Elek- 
trodenanordnung (25) mit einer ebenen Ober- 
flache, um diese dem zu polierenden Werk- 
stOck zuzuwenden, wobei die Elektrodenanord- 
nung eine leitfahige MeBelektrode (26), einen 
Isolator (22), der die MeBelektrode umgibt. und 
eine leitfahige Fuhrungselektrode (27) umfaBt, 
die den Isolator umgibt und durch den Isolator 
von der MeBelektrode getrennt Ist. 

durch eine Einrichtung (13) zum Bereitstellen 



des Poliermediums als leittahiges, flUsslges 
Medium, so daB die Flache des Werkstucks 
und die OberflSche der Elektrodenanordnung 
eine GrenzflSche zum flUssigen Medium ha- 
5 ben, und 

eine Einrichtung (35-40) zum Messen der Ka- 
pazitMt zwischen dem leitfahigen Anteil (2) des 
WerkstGcks und der Elektrodenanordnung (25). 

70 7. Vorrichtung nach Anspruch 6 oder 15, 

In welcher die MeBeinrichtung eine Einrichtung 
(35) zum Aniegen einer Treiberspannung an 
die MeBelektrode umfaBt und eine Bootstrap- 
Anordnung (32, 40) zur FUhrungselektrode 

75 (27), um auf diese Weise die Kapazitat der 
dielektrischen Schicht, die dem Poiieren unter- 
liegt, zu messen. 

8. Verfahren nach Anspruch 5 oder 14 oder Vor- 
20 richtung nach Anspruch 6 oder 15, 

in welchen zwei glelche Elektrodenanordnun- 
gen Selte an Seite angeordnet sind, wobei die 
MeBspannung von einer Elektrodenanordnung 
bei ISO* auBer Phase zur an die andere Elek- 
26 trode angelegten MeBspannung angelegt wird. 

9. Verfahren nach Anspruch 3 oder 14 oder Vor- 
richtung nach Anspruch 6, 7 oder 15, 

In welchen die MeBspannung eine Wechsel- 
30 spannung mit einer Betriebsfrequenz von bis 
zu 5000 Hz Oder ungefMhr 500 Hz ist. 

10. Vorrichtung nach Anspruch 6, 7 oder 9, oder 
15, 

35 In welcher die MeBeinrichtung ein elektroni- 
sches System zum ZufOhren der Treiberspan- 
nung an die MeBelektrode (26) und an eine 
Bootstrap-Anordnung zur Fuhrungselektrode 
(27) und zum Aufrechterhalten eines konstan- 

40 ten Verschiebestroms umfaBt, so daB die sich 
ergebende Gr5Be der Treiberspannung auto- 
matisch proportional zur Dicke der dielektri- 
schen Schicht ist. 

45 11. Vorrichtung nach Anspruch 10 oder 15. 

In welcher die Vorrichtung einen Polierteller 
(11), eine Polierunterlage (13) auf dem Teller 
und einen bewegllchen Waferhalter (12), der 
oberhalb des Poliertellers angeordnet ist, um 

50 das WerkstUck in Kontakt mit der Polierunterla- 
ge zu bringen, umfaBt, wobei die Vorrichtung 
die Mdgllchkeit bletet, daB die Elektrodenan- 
ordnung in dem Polierteller in der gleichen 
Ebene wie der Polierteller eingebettet werden 

55 kann. 

12. Vorrichtung nach Anspruch 11 oder 15, 

in welcher die Polierunterlage (13) am Polier- 
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teller (11) durch sine klebende Plastlkbe- 
schichtung befestigt 1st und in welcher die 
Plastikbeschichtung mil dffnungen versehen 
1st, welche es dem flOssigen Medium gestat- 
ten, eine elektrisch leitfShige Strecke zur fla- 
chen Oberfiache der Elektrodenanordnung her- 
zustellen, Oder die Pollerunterlage am Polier- 
teller durch einen leltfShigen Kleber befestigt 
ist. 

13. Vorrichtung nach Anspruch 12 Oder 15, 

in welcher der Polierteller (11) aus leitfahigem 
Material ist, das ausgewahit ist aus rostfreiem 
Stahl. Aluminium und Keramik-Metall-Verbund- 
werkstoffen Oder aus Metallen, wie Aluminium, 
Chrom Oder Titan, die in geeigneten Strukturen 
auf Isolierenden Materialien abgeschieden 
sind, Oder aus nicht leitendem Material ist, das 
in Bezug auf das Material nicht kontaminlerend 
ist, wobei das nicht leitende Material ausge- 
wahit Ist aus Quarz. Keramik. Glas, Plastik und 
isolatorbeschichteten Metallen. 

14. Verfahren zur Herstellung einer Einrichtung. 
umfassend 

das Herstellen einer Einrichtungsstruktur auf 
einem Substrat (2), so daB sich eIne nicht- 
ebene Oberfiache ergibt, wobei das Substrat 
(2) einen spezifischen Widerstand von weniger 
als ungefahr 1 Megohm-cm hat, Ausbilden ei- 
ner Schlcht aus dietektrischem Material (4) 
Uber der nicht-ebenen Oberfiache, 
fortschreitendes Vermindem der Dicke der die- 
lektrischen Schicht (4), 

Gben/vachen der verbleibenden Dicke, um so 
einen erwQnschten Endpunkt der Verminde- 
rung zu erfassen, und 
Fortsetzen der Herstellung der Einrichtung, 
dadurch gekennzeichnet, 
daB der Endpunkt durch Messen der Kapazitat 
zwischen dem Substrat (2) und der Elektrode- 
nanordnung (25), die dem Substrat zugewandt 
ist, erfaSt wird, wShrend die Flache des Sub- 
strats und der Oberfiache der Elektrodenanord- 
nung. die dem Substrat zugewandt ist, Grenz- 
flSchenbilden zu einem kontinuierlichen, leitfS- 
higen Film einer FlUssigkeit (20) und einem 
spezifischen Widerstand von weniger als unge- 
fShr 100.000 Ohm/cm. 

15. Vomchtung zum Messen der Dicke eines die- 
lektrischen Bereichs auf einer seitlichen FISche 
eines Gegenstands und einem leitfahigen Ab- 
schnitl (2) mit einem spezifischen Widerstand 
von weniger als ungefShr 1 Megohm-cm und 
einer Schicht von dielektrischem Material (4) 
an einer seitlichen Flache des leitfahigen Ab- 
schnitts (2). 



dadurch gekennzeichnet, 
daB diese umfaBt: 

eine Elektrodenanordnung (25) mit einer ebe- 
nen Oberfiache, wobei die dielektrische 

5 Schicht (4) an den Gegenstand der fiachen 

Oberfiache zugewandt ist. 
eine Einrichtung fUr leitfahige FlUssigkeit (20) 
zum Ausbilden einer GrenzflSche zum leitfShi- 
gen Anteil (2) des Gegenstandes und der fla- 

10 Chen OberflMche der Elektrodenanordnung (25) 
und zum Errichten einer elektrischen Verbin- 
dung zwischen dem leitfgihigen Anteil (2) des 
Gegenstands und der ebenen OberflSche der 
Elektrodenanordnung (25) und 

75 eine Einrichtung (35-40) zum Messen der Ka- 

pazitMt zwischen dem leitfMhigen Gegenstand 
und der Elektrodenanordnung (25). 

Revendications 

20 

1. Proc6d6 pour contrdler in situ T^paisseur d'un 
corps dielectrique (4) sur une surface (5) d'un 
substrat electriquement conducteur (2) ayant 
une resistivite de moins d'un m^gohm.cm, ca- 

25 ract^ris^ par 

le placement du substrat de sorte qu'une 
surface d'une structure d'^lectrode (25) fait 
face au corps dielectrique, 

rintercalage entre le substrat et la surface 

30 de la structure d'electrode d'une pellicule d'un 
liquide conducteur (20) d'une resistivity de 
moins de 100.000 ohm.cm environ, ladite pelli- 
cule etant en contact avec le corps dielectrique 
(4) et la surface de la structure d'electrode, et 

35 la mesure de la capacitance entre le subs- 

trat (2) et la structure d*4lectrode (25). 

2. Precede selon la revendication 1 ou 14, dans 
lequel ladite mesure comporte la mesure de la 

40 capacitance et simultanement I'extraction k 
partir du rdsultat des effets des chemins des 
resistances de fulte. 

3^ Precede selon la revendication 1, 2 ou 14. 

45 dans lequel ta mesure capacitive comprend 
Tapplication d'une tension de mesure k une 
electrode de mesure (26) de la structure 
d'eiectrode (25) et une tension de garde d'au- 
to-eievation k une etroite zone conductrice en- 

50 tourant reiectrode de mesure, ladite electrode 
de mesure et ladite etroite zone conductrice 
etant isoiees Tune de I'autre, avec ou sans un 
autre isolant entourant reiectrode de garde 
(27). 

55 

4. Precede selon la revendication 3 ou 14, dans 
lequel ladite mesure comprend le maintien 
d'un courant de deplacement constant resul- 
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tant de ladite application de tension, I'amplitu- 
de de la tension de commande 4tant ainsi 
proportionnelle h I'^palsseur de la couche dl^- 
lectrique (4). 

5. Proced4 selon I'une quelconque des revendi- 
cations 1 k 4, ou 14, dans lequel ledit corps 
conducteur se compose d'un corps s^lectionn^ 
en silicium, germanium, semiconducteur com- 
post des groupes lll-V, semiconducteur com- 
post des groupes ll-VI, et/ou le corps dl^lectri- 
que se compose d'un corps s^lectionn^ en 
oxyde de silicium, nitrure de silicium, oxynitru- 
re, oxyde de silicium r^alis^ par d§p6t chimi- 
que en phase vapeur, verre appliqu§ par cen- 
trlfugatlon et ^ oxyde r^alis§ par d^pdt chlml- 
que en phase vapeur activ^ au plasma, 

le contrdle ^tant effectud dans le proc^d^ 
planar de fabrication du dielectrique sur le 
substrat conducteur. 

6. Appareil pour contrdler r^paisseur d'une cou- 
che dielectrique (4) sur une surface (5) d'une 
partie conductrice (2) d'une pi^ce de travail 
durant le polissage avec un milieu polisseur 
(20), ladite partie ayant une resistivity de 
moins d'un m^gohm.cm environ, ledit appareil 
etant caract^rise par 

au moins une structure d'^lectrode (25) 
ayant une surface plate pour faire face k la 
pi^ce de travail h polir, ladite structure d'^lec- 
trode comprenant une electrode de mesure 
conductrice (26), un isolant (22) entourant 
r^lectrode de mesure, une Electrode de garde 
conductrice (27) entourant I'Isolant et §tant s§- 
par^e de I'Isolant par I'^lectrode de mesure, 

un moyen (13) pour fournir comme milieu 
polisseur un milieu liquide conducteur de sorte 
que ladite face de la p'lbce de travail et ladite 
surface de la structure d'^lectrode s'interfacent 
k travers le milieu liquide, et 

un moyen (35-40) pour mesurer la capaci- 
tance entre la partie conductrice (2) de la 
pi^ce de travail et la structure d'^lectrode (25). 

7. Appareil selon la revendlcation 6, ou 15, dans 
lequel le moyen de mesure comprend un 
moyen (35) pour fournir la tension de comman- 
de k reiectrode de mesure et dans une dispo- 
sition anti-^l^vation (32,40) h I'^lectrode de 
garde (27) mesurant ainsi la capacitance de la 
couche dielectrique en cours de polissage. 

8. Proc^de selon la revendlcation 5 ou 14, ou 
appareil selon la revendlcation 6. ou 15, dans 
lequel deux structures d'^lectrode ^gales sent 
dispos^es cote k cote, ladite tension de mesu- 
re est appliqu^e h une structure d'^lectrode k 



un dephasage de 180* par rapport h la ten- 
sion de mesure appliquee k I'autre structure 
d'^lectrode. 

5 9. Precede selon la revendlcation 3 ou 14, ou 
appareil selon la revendlcation 6 ou 7 ou 15, 
dans lequel ladite tension de mesure est une 
tension alternative d'une frequence de fonc- 
tionnement allant jusqu*^ 5000 Hz, ou d'envi- 

10 ton 500 Hz. 

10. Appareil selon la revendlcation 6, 7 ou 9, ou 
15, dans lequel ledit moyen de mesure com- 
prend un syst^me eiectronique pour fournir la 

75 tension de commande k ladite Electrode de 
mesure (26) et dans une disposition anti-eleva- 
tion k reiectrode de garde (27), et pour main- 
tenir le courant de deplacement constant de 
sorte que I'amplltude resultante de la tension 

20 de commande est automatiquement propor- 
tionnelle k I'epaisseur de la couche dielectri- 
que. 

11. Appareil selon la revendlcation 10 ou 15, dans 
25 lequel I'appareii comprend une table de polis- 
sage (11), un tampon de polissage (13) sur 
ladite table, et un porte-plaquettes mobile (12) 
suspendu au-dessus de la table de polissage 
pour amener la pi^ce de travail en contact 

30 avec ledit tampon de polissage, I'appareii of- 
frant I'option de pouvoir integrer la structure d' 
electrode dans la table de polissage dans le 
m§me plan que la table de polissage. 

35 12. Appareil selon la revendlcation 11 ou 15, dans 
lequel le tampon de polissage (13) est fixe k la 
table de polissage (11) par un revetement 
plastique adhesif, et dans lequel ledit revete- 
ment plastique est dote d'ouvertures permet- 

40 tant au milieu liquide d'etablir un chemin eiec- 
triquement conducteur vers la surface plate de 
la structure d'eiectrode, ou 

le tampon de polissage est fixe k la table 
de polissage par un adhesif conducteur. 

45 

13. Appareil selon la revendtcation 12 ou 15. dans 
lequel la table de polissage (11) est en un 
corps conducteur seiectionne en acier inoxyda- 
ble, aluminium et cermets, ou en metaux tels 
50 que I'aluminium, le chrome ou le titane depose 
en motifs convenables sur des corps isolants, 
ou 

est en un corps non conducteur qui n'est 
pas contaminant en ce qui concerne la mati^re 
55 de la pidce de travail, 

le corps non conducteur etant seiectionne 
en quartz, ceramique, verre, plastique et en 
metaux recouverts d'isolant. 
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14. Proc6d4 de fabrication d'un dispositif, qui com- 
prend 

la fabrication d'une structure de dispositif 
sur un substrat (2) de sorte k produire una 
surface non planar, ledit substrat (2) ayant une 5 
reslstlvlte de moins d'un m^gohm.cm environ, 

la formation d'une couche de corps di^lec- 
trique (4) sur la surface non planar, 

la reduction de I'^paisseur de ladite cou- 
che di^lectrique (4) progressivement, io 

le controle de T^paisseur restante de ma- 
ni§re k determiner un point final d^sir^ de la 
reduction, et 

la continuation de la fabrication dudit dis- 
positif. caract^rise en ce que is 

ledit point final est determine en mesurant 
la capacitance entre le substrat (2) et une 
structure d'^lectrode (25) faisant face au subs- 
trat tandis que la face du substrat et la surface 
de la structure d'^lectrode faisant face au 20 
substrat sont interfac^es par une pellicule 
conductrlce continue d'un liquide (20) d'une 
resistivite de moins de 100.000 ohm-cm envi- 
ron. 

25 

15. Appareil pour mesurer I'^paisseur d'une region 
dt^lectrique sur une face lat^rale d'un article 
ayant une partie conductrlce (2) d'une resistivi- 
ty de moins d'un m^gohm-cm environ et d'une 
couche de corps dielectrique (4) sur une face 30 
lat^rale de la partie conductrice (2), caract^rise 

en ce qu'il comprend 

une structure d'^lectrode (25) ayant une 
surface plate, la couche dielectrique (4) sur 
ledit article faisant face h ladite surface plate, 35 

un moyen de liquide conducteur (20) pour 
interfacer la partie conductrice (2) de Tarticle 
et la surface plate de la structure d'electrode 
(25) et pour ^tablir une connexion 6lectrique 
entre la partie conductrice (2) de I'article et 40 
ladite surface plate de la structure d'electrode 
(25), et 

un moyen (35-40) pour mesurer la capaci- 
tance entre la partie conductrice (2) de Tarticle 
et la structure d'electrode (25). 45 
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FIG. 4 




FIG. 5 
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FIG. 8 
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FIG. 15 
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CAPACITANCE THICKNESS MONITORING OF 
2Mm (INITIAL) THICKNESS PETEOS UYER 
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